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The dependence of the luminescence of diamonds with negatively charged nitrogen-vacancy centers
(NV−) vs. applied magnetic field (magnetic spectrum) was studied. A narrow line in zero magnetic
field was discovered. The properties of this line are considerably different from those of other narrow
magnetic spectrum lines. Its magnitude is weakly dependent of the orientation of the single-crystal
sample to the external magnetic field. This line is also observed in a powdered sample. The shape
of the line changes greatly when excitation light polarization is varied. The magnitude of the line
has a non-linear relation to excitation light intensity. For low intensities this dependence is close
to a square law. To explain the mechanism giving rise to this line in the magnetic spectrum, we
suggest a model based on the dipole-dipole interaction between different NV− centers.
PACS numbers: 61.72.jn, 75.30.Hx, 78.55.-m, 81.05.ug
I. INTRODUCTION
Negatively charged nitrogen-vacancy center (NV− cen-
ter) is of great interest to researchers due to their unique
properties [1]. It is a promising system for numerous ap-
plications, especially in quantum information processing
[2–16].
The ground state of the NV− centers is triplet and split
depending on the spin projection on the symmetry axis.
Ground energy term is the term with zero spin projection.
The splitting between this term and the ones with pro-
jections +1 and -1 in zero magnetic field is ∼2.88 GHz.
A spin projection-selective intersystem crossing from
the excited triplet state to the excited singlet one as well
as from the ground singlet state to the ground triplet
state leads to, firstly, a much higher quantum yield of
luminescence when excited from the zero spin projection
state rather than from the states with projections +1
or -1. Secondly, it leads to a non-equilibrium state of
the NV− center after multiple absorption and emission
of light, with a population of the zero spin projection
state much higher than those of the states with spin pro-
jections +1 or -1. The latter effect is usually referred
to as optically-induced spin polarization [17–19] despite
the fact that in this state the spin projection on any di-
rection is zero. It is spin polarization, combined with a
long spin relaxation time exceeding under certain condi-
tions one second at room temperature [11], that opens
the possibility for various applications of NV− centers.
One of the methods to study NV− centers is to re-
search the dependence of the luminescence intensity of
the NV− centers vs. applied external magnetic field
(magnetic spectrum) [20–26]. Magnetic field modifies the
∗ svan@kinetics.nsc.ru
polarization degree of NV− centers. Since luminescence
intensity grows with polarization [18], a decrease of polar-
ization due to the interaction with the external magnetic
field reduces photoluminescence intensity. In addition
to a smooth magnetic field dependence of luminescence
intensity, sharp lines can be observed in the spectrum.
However, these lines are only detectable if the magnetic
field vector is parallel to axis 〈111〉 of the diamond crys-
tal lattice. Even a slight misalignment strongly broadens
the lines and suppresses their magnitude. The lines are
attributed to either an anticrossing of terms in the NV−
center or a resonance interaction of the NV− center with
other paramagnetic defects in diamond. However, a com-
prehensive theoretical description of the processes giving
rise to these lines still remains to be developed.
It is known that in weak magnetic fields there are ef-
fects resulting from the coherence of quantum states, e.g.
the Hanle effect [27]. Another example is the zero field
line in MARY (Magnetically Affected Reaction Yield)
spectroscopy [28–30]. Therefore, we specifically aimed
to research the low-field part of the magnetic spectrum
of NV− centers. We experimentally found a zero field
line and studied its behavior, which is the subject of this
work.
II. EXPERIMENTAL
A. Samples
The experiments were performed using five samples of
an irregularly shaped synthetic diamond (see Fig. 1(a))
grown at high temperature and pressure in a Fe-Ni-C sys-
tem. As-grown crystals were then irradiated by electrons
with energy 3 MeV. The dose was 1018 e/cm2. Then
the samples were annealed for 2 hours under vacuum
at 800oC. The state of impurity defects was monitored
2TABLE I. Concentrations of various defects in the studied
samples (in ppm).
SL1 SL2 SL3 SL4
[NV−] 8.2 5.5 2.4 0.65
[C] 23 55 150 <5
[C+] 41 <2 5.5 2.75
[A] 50 <5 125 <5
[NE1] 0.012 <0.003 <0.003 <0.003
through the measurement of absorption spectra in the
UV, VIS and IR bands. The absorption spectra in the
short-wave band were measured at 300 and 77 K, in the
middle IR band at 300 K. The IR absorption spectra were
normalized using an internal 12.3 cm−1 absorption stan-
dard at 1995 cm−1 [31]. The single-photon part of the
spectrum was found to be dominated by donor nitrogen
absorption (C centers – electrically neutral single substi-
tutional nitrogen atoms). It is known that fast electron
irradiation gives rise to vacancies in the diamond lattice
which after annealing at 800oC become mobile and get
captured by the C centers forming NV complexes. This
leads to an intense absorption in the visible band of the
absorption spectra by the electron-vibration system with
a zero-phonon line (ZPL) at 637 nm (1.945 eV) due to
negatively charged NV− complexes. Concentration of
NV− centers (in cm−3) was estimated from the integral
absorption µ637 at the 637 nm (in meV cm
−1) ZPL at
77 K by expression [32]:
NNV − = 8.9× 10
15µ637.
Concentration of the C centers was determined from
the absorption at 1135 cm−1, that of A centers (a neu-
tral nearest-neighbor pair of nitrogen atoms substituting
for the carbon atoms) at 1282 cm−1, that of C+ (pos-
itively charged single substitutional nitrogen atoms) at
1332 cm−1, that of NE1 centers (N-V-Ni-V-N system) at
472.8 nm [33, 34]. Measurement results for samples SL1-
SL4 are shown in Table I. The fifth sample was prepared
from sample SL3 by grinding it to powder with particle
size within 0.1mm.
Fig. 1(a) shows the photoluminescence of sample SL2
excited by blue light. The image was taken using a red
optical filter. The intense red luminescence is due to
negatively charged NV centers.
B. Setup
The sample was placed in the EPR spectrometer
cavity. The electric magnet of the spectrometer was
equipped with special coils for reversed magnetization
in order to sweep the field through zero. The transverse
component of the magnetic field did not exceed 0.1 G. In
our experiments, the microwave field always equaled to
zero.
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FIG. 1. (Color online) (a) A photo of sample SL2. (b) A
diagram of the setup for the observation of magnetic spectra.
(c) The magnetic spectrum of sample SL2. The red circle
shows the zero field line.
Samples were aligned using a manual goniometer.
The sample was irradiated by a 400 mW laser beam at
532 nm. Laser power stability was within 1%. The direc-
tion of the light beam was perpendicular to the magnetic
field vector B0 as shown in Fig. 1(b). The laser beam
was linearly polarized. We performed experiments with
varied orientation of the polarization vector E to the ex-
ternal magnetic field B0. As demonstrated below, this
variation had a considerable effect on the experimental
results.
The diameter of the laser beam was within 1 mm. The
width of the cavity lattice slits through which the sample
was irradiated was 0.5 mm.
The light from the sample passed through a quartz
lightguide and an optical filter to a photomultiplier tube
(PMT). The filters were selected to reduce the light in-
tensity down to a level acceptable for the PMT and to
extract the spectral line of the negatively charged NV-
center. We used a set of glass colored and neutral fil-
ters that passed the light with wavelengths longer than
680nm. The light was registered by a photomultiplier
tube FEU-119 sensitive to the red spectral band.
The signal from the PMT was fed to the input of a
lock-in amplifier. The use of the lock-in amplifier consid-
erably improved the signal-to-noise ratio in our experi-
ments. Modulation frequency was 12.5 kHz. Modulation
magnitude BM for all the experimental results discussed
here was 0.5 G.
The phase shift φ of the modulation magnetic field
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FIG. 2. The spectrum shown in Fig. 1(c) upon integration.
The insert shows integrated zero field lines from Figure 3(a)
and Fig. 3(b).
relative to the reference signal from a generator is deter-
mined by the impedance of the modulation coil and its
leads as well as by the skin effect in the cavity walls. The
phase shift θ of the signal coming from the sample rel-
ative to the modulation magnetic field is determined by
the time function of the system response to the variation
of the magnetic field. Adjusting the lock-in amplifier’s
phase φLA one can determine θ and thus obtain informa-
tion on the time parameters of the processes going in the
sample. For an exponential system response, the charac-
teristic time τ of a process is related to the phase shift
θ by the following expression: tan θ = ωτ , where ω is
modulation frequency.
We determined the value of φ from experiments with
recombination fluorescence in X-irradiated nonpolar liq-
uids because in this case the processes determining the
system response to the variation of the magnetic field
occur in the nanosecond time domain. Consequently,
τ ≪ 2pi/ω, and the signal from the lock-in amplifier
reaches its maximum when φLA = φ. As demonstrated
below, when measuring magnetic spectra of NV− centers
one has to select φLA = φ + θLA considerably different
from φ. In all the figures in this paper we show experi-
mental results for θLA = 70
o.
All the experiments were carried out at room temper-
ature. An aluminum radiator was used to dissipate the
heat from the sample.
III. RESULTS
Fig. 1(c) shows an experimentally registered depen-
dence of the lock-in amplifier output signal vs. external
magnetic field for sample SL2. Hereinafter this depen-
dence is referred to as magnetic spectrum. The lock-in
amplifier signal can be considered proportional to the
derivative of the sample luminescence intensity vs. mag-
netic field. Fig. 2 shows the integrated spectrum of sam-
ple SL2 corresponding to the curve shown in Fig. 1(c).
The integrated spectrum looks similar to previously ob-
served [23, 24] experimental curves.
As one can see in Fig. 1(c), the spectrum consists of a
wide line with a maximum (in the absolute units) around
100 G and many narrow lines. The wide line describes
the decay of luminescence intensity due to a decrease
of the polarization degree of the NV− center driven by
the magnetic field component perpendicular to the cen-
ter’s symmetry axis. This effect is not observed in NV−
centers where the symmetry axis is parallel to the axis of
the external magnetic field B0. However, this orientation
activates other polarization-reducing mechanisms giving
rise to narrow lines in the magnetic spectrum clearly seen
in Fig. 1(c). Most of these lines were observed before
[20–24, 26]. The physical backgrounds of these lines are
different.
The most intense line at ∼1028 G is due to an level
anticrossing (LAC) of the triplet terms of the ground
state of the NV− center with different spin projections
on the symmetry axis. The nature of the other lines
has not been established with certainty. They are usu-
ally referred to as cross-relaxation lines [20]. The line in
the field ∼600 G is reasonably attributed to the counter-
action between NV− centers with different orientations
[20, 26], while most of the lines in the 490–540 G range
are attributed to the interaction of the NV− centers with
electrically neutral single substitutional nitrogen atoms
[20, 22, 26].
Registering a magnetic spectrum with resolved narrow
lines would require a very fine alignment of the crystal so
that its 〈111〉 axis would be parallel to the external mag-
netic field. A misalignment from this orientation strongly
broadens the lines and reduces their magnitude. One
of the indicators of the correct alignment of the crystal
is the shape of the line at ∼600 G (in our experiments
the line was centered at 590 G). A slight misalignment
of the crystal 〈111〉 axis to the external magnetic field
splits this line to three lines of approximately equal mag-
nitude [26]. However, as our experiments showed, when
the crystal is precisely aligned, this line may have satel-
lites of lower magnitude (see Fig. 6). Another measure
of crystal alignment precision is the presence of satellites
at the LAC line which disappear when the misalignment
is as little as 0.2o [26].
The red circle in Fig. 1(c) marks a narrow line in zero
field never observed before. This research is focused on
the properties of this line.
Fig. 3 shows magnetic spectra of sample SL1 in low
fields for various orientations of the sample and various
orientations of the external magnetic field B0 to the po-
larization vector E of the excitation laser beam.
Curves (a) and (b) correspond to crystal orientation
B0 || 〈111〉. The crystal was aligned manually. The crite-
rion was the presence of the narrow LAC line at ∼1028 G
with resolved satellite lines and a single narrow line at
∼600 G (also having satellites of a lower magnitude in
this sample). This observation indicated that alignment
precision was 0.2o or better. The position of the other
axes was not controlled. Crystal orientation in cases (a)
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FIG. 3. Zero field line in sample SL1. The 〈111〉 axis is
oriented along the magnetic field B0 ((a) and (b)) and rotated
by 90o relative to B0 ((c) and (d)). The polarization vector of
the excitation light E is parallel ((a) and (c)) or perpendicular
((b) and (d)) to magnetic field B0.
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FIG. 4. Zero field line in single crystals SL1–SL4 and in a
powdered sample prepared from SL3. The 〈111〉 axis in all
the single crystals is oriented along the magnetic field B0.
The polarization vector of the excitation light E is parallel
(a) or perpendicular (b) to the magnetic field B0.
and (b) was the same.
Curves (c) and (d) correspond to crystal orientation
B0 ⊥ 〈111〉. This orientation was achieved the follow-
ing way: first the condition B0 || 〈111〉 was ensured as
described above and then the crystal was rotated by 90o
around an axis perpendicular to B0 randomly oriented
to the crystal. Therefore, crystal orientation in this case
is undetermined to a large extent. For curves (c) and (d)
crystal orientation was different as they were obtained in
different experimental series.
For curves (a) and (c) the polarization vector E of
the laser beam is parallel to the magnetic field vector
B0 while for curves (c) and (d) they are perpendicular.
Signal magnitude for all the curves was normalized to
sample luminescence intensity in zero field.
Curves (a) and (b) upon integration are shown in the
insert in Fig. 2. The lock-in measurement technique can-
not determine the absolute magnitude of the effect as it
registers its first derivative. Although, having performed
additional experiments to measure the luminescence in-
tensity, we found that the variation of the zero field line
intensity was within 1 per cent.
As one can see in Fig. 3, in all the cases a zero field line
is observed with a magnitude varying to a small extent
when the sample is rotated or the polarization of the
excitation light is varied. For E⊥B0 a narrow inverted
line appears in zero field. Its width (peak-to-peak) is
about 2 G.
As one can see in the Figure, a weak inverted line in
zero field is also observed when the polarization vector
of the excitation light is parallel to the field B0. This
is apparently due to the fact that we can only control
light polarization outside the sample. Because the light
is refracted when it enters the sample, its propagation
direction can change giving rise to a non-zero perpendic-
ular component of light polarization inside the sample.
It is this component that accounts for the inverted line.
As one can see in Fig. 4, there was no such an effect in
the other samples.
A substantial feature of the spectrum is the presence
of a satellite line just below 20 Gs. The magnitude of
this line is independent of excitation light polarization.
However, it disappears when the sample is rotated, as
shown in Fig. 3(c). In Fig. 3(d) this line appears in a
very much broadened form.
Fig. 4 shows magnetic spectra of different samples
for two different polarizations of the excitation light.
All the spectra are normalized to the sample lumines-
cence intensity in zero magnetic field. In the monocrys-
talline samples SL1-Sl4 the concentration of NV− cen-
ters monotonously decayed. The bottom spectrum cor-
responds to a powdered sample prepared by grinding the
single-crystal sample SL3. For all the samples (except
the powdered one) B0 || 〈111〉.
As one can see in the Figure, in all the samples there
is a zero field line. In samples SL1–Sl3 the line’s mag-
nitude is the same while in sample SL4 (with the lowest
concentration of the NV− centers) it sharply drops and
the width of the line becomes much smaller. At the same
time, in all the samples an inverted narrow line appears in
zero when the polarization of the excitation light changes
from parallel toward perpendicular to the external mag-
netic field B0. When the polarization is parallel the nar-
row inverted zero field line is absent in all the samples
except SL1. In samples SL1–Sl3 a satellite line at 20 G is
also observed; its magnitude is independent of excitation
light polarization and decays when the concentration of
the NV− centers decreases.
Fig. 5 shows the dependence of the magnitude of the
zero field line normalized to the sample light intensity vs.
the relative spectrum light intensity. In the experiment,
the SL1 sample was oriented in a way that the 〈111〉
axis of the crystal was perpendicular to magnetic field
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FIG. 5. The dependence of the normalized signal magnitude
vs. relative sample luminescence intensity (closed circles).
The solid line shows a parabolic approximation of the exper-
imental data.
B0. The polarization vector of the excitation laser beam
was parallel to B0. The laser beam was attenuated by
optical filters. A magnetic spectrum measured without
attenuation filters is shown in Fig. 3(c).
The magnitude S of the line was calculated as follows:
from the zero field line spectrum a straight line was sub-
tracted to compensate for the slope, then the vertical
peak-to-peak distance was measured. The magnitude
was normalized by the division by the photomultiplier
tube current I in zero field which was proportional to
the sample luminescence intensity at that field. The X-
axis shows the ratio of the current with the optical filter
used to the current with no filter I/Imax, which is pro-
portional to the relative sample luminescence intensity in
zero magnetic field.
The scattering of the points is due to the fact that
different filters not only attenuate the light but also dis-
perse it differently. The magnitude of the zero field line
depends on sample illumination while the overall lumi-
nescence intensity depends on the illumination and size
of the light spot that we could not control. Therefore the
measured sample light intensity is not a perfect value.
The solid line in the Figure shows the best parabolic
fit of the experimental data S/I = a + b(I/Imax) +
c(I/Imax)
2, where S is the magnitude of the zero field
line, I is the PMT current at B0=0 proportional to the
sample light intensity, a = 0.017, b = 0.109, c = −0.052.
From our experiments we can conclude that the magni-
tude of the zero field line has a non-linear relation to the
intensity of the excitation light in the sample. In the
low-intensity region this dependence is close to a square
law.
IV. MODEL
Our experiments suggest that the properties of the
zero field line are considerably different from those of any
other lines previously known for the magnetic spectrum
of the NV− centers in diamond. Why this line appears
cannot be accounted for by the processes in an isolated
center. For example, in the theoretical calculations by
Rogers et al. [24] there is no such line.
We also considered an exotic model of geminate pairs
in diamond under two-photon photoionization of the
NV− center forming a neutral NV0center and a free elec-
tron similar to those discussed by Siyushev et al. [35]. If
this electron is captured by a nearby positively charged
nitrogen atom N+ with further spin evolution in the gem-
inate pair N0–NV0 followed by a spin-selective electron
transfer to the NV0 center then the population of the
triplet states of thus formed NV− center with different
spin projections on the center’s symmetry axis is mag-
netic field-dependent. Consequently, in this case the lu-
minescence intensity will depend on the magnetic field
and give a low-field line in the spectrum. This model ac-
counts for the square-law dependence of the line’s mag-
nitude vs. excitation light intensity. However, calcula-
tions within this model fail to reproduce the properties
of the line observed in the experiment. For example,
the predicted lines are inverted when crystal orientation
is changed, in contrast to the experimental observation.
Also, the probability of these processes is too low to give
a marked line magnitude.
We suppose that the zero field line in the magnetic
spectrum can be explained by the dipole-dipole interac-
tion between the NV− centers. A similar model explain-
ing the nature of the line at ∼600 G was suggested in
[26].
The ground state of the NV− center is triplet, so the
center is a magnetic dipole. The magnetic dipoles of two
centers interact, which can lead to transitions between
the triplet sub-levels in each of the NV− centers. For this
interaction to affect the luminescence quantum yield, it
has to modify the overall population of both triplet states
with zero projections on the symmetry axes of both cen-
ters in the interacting pair. Obviously, if the orientation
of the centers is the same the overall population will not
change. However, if the orientation is different then the
dipole-dipole interaction can modify this overall popula-
tion of the centers under different degree of their polar-
ization.
The efficiency of such a modification of the population
of the terms in a pair of NV− centers considerably de-
pends on the external magnetic field. This is due to the
fact that in zero field the transitions between the energy
terms of differently-oriented centers have a resonance na-
ture but when an external magnetic field is applied the
terms in such centers shift differently and go out of res-
onance. This slows down the mixing processes and even
stops them in higher fields. This should lead to a drop
in the zero of the luminescence intensity vs. external
6magnetic field curve.
A different degree of the polarization of differently-
oriented NV− centers is achieved under sample excita-
tion by polarized light. This is due to the C3v-symmetry
of the NV− center. The transition from the ground state
3A2 to an exited state
3E is forbidden when the polar-
ization vector of the excitation light E is parallel to the
symmetry axis. Therefore the luminescence intensity and
the degree of polarization of the center depend on the di-
rection of vector E in the excitation light and grow with
the transverse component of E.
In order to test the outcome of this effect we performed
an experiment aimed to observe the effect of the variation
of the excitation light polarization on the narrow lines in
the magnetic spectrum of NV− centers. Fig. 6 shows
the magnetic spectrum of sample SL2 for B0 || 〈111〉
under various polarizations of the excitation light. The
figure shows a spectrum segment between 450 to 650 G.
In Fig. 6(a) the polarization vector is perpendicular to
B0 while in Fig. 6(b) they are parallel. The spectra are
normalized to sample luminescence intensity in zero mag-
netic field. As one can see in the figure, the spectra are
almost identical and only differ in magnitudes, which are
different approximately by a factor of 4. We should men-
tion that this difference is in a marked contrast to the
transformation of the spectrum in low fields where the
shape of the spectrum changes greatly while its magni-
tude alters only slightly. Since the narrow lines in the
spectrum shown in Fig. 6 are only generated by NV−
centers with symmetry axes oriented parallel to the ex-
ternal magnetic field we can conclude that in our exper-
iment, a change in the orientation between the magnetic
field and the light polarization vector should also sup-
450 500 550 600 650
(b)
B0 (G)
(a)
FIG. 6. The magnetic spectrum of sample SL2 for 〈111〉 || B0.
The polarization vector of the excitation light E is perpendic-
ular to the magnetic field B0 (a) or parallel to B0 (b). The
spectra are normalized to sample luminescence intensity in
zero magnetic field.
press the efficiency of the excitation of the centers by a
factor of 4.
The results of this experiment suggest that under po-
larized light-excitation, NV− centers differently oriented
in the crystal can have considerably different ground
triplet state polarizations. This means that the differ-
ence between the populations of the terms for different
spin projections on the center’s symmetry axis is con-
siderably different. Therefore the dipole-dipole interac-
tion between the electron spins considerably modifies the
overall population of the terms with zero spin projec-
tion. Consequently, the luminescence yield in low mag-
netic fields is modified.
The change in sample luminescence intensity due to the
dipole-dipole interaction between NV− centers is propor-
tional to the excitation light intensity multiplied by the
difference between the polarization degrees of the centers
with different spatial orientation. The difference between
the polarization degrees, in its turn, is proportional to ex-
citation light intensity, for moderate intensities. There-
fore, the magnitude of the observed effect vs. excitation
light intensity should follow a square law.
As was mentioned above, the zero field line has a con-
siderable phase shift. This phase shift cannot be ac-
curately determined as it is slightly different for differ-
ent segments of the line. As a consequence, the line
cannot be zeroed by the adjustment of the lock-in am-
plifier phase θLA. For sample SL1 the phase shift is
θ = 80± 2o. One can estimate the exponential response
time as τ = tan θ/ω ≈ 7× 10−5 s.
Suppose the response time τ is determined by the en-
ergy of the dipole-dipole interaction between two NV−
centers which can be crudely estimated by a dimension
factor V = (gµB)
2/(hr3), where g is free electron g-value,
µB is Bohr’s magneton, h is Planck’s constant, r is sep-
aration between the centers. Assuming V = 1/τ we get
r ≈ 15 nm, which is of the same order of magnitude as
the average separation between the centers in the sample.
On the other hand, τ is of the same order of magnitude
as the typical phase spin relaxation times in such samples
[36]. Therefore it cannot be excluded that it is phase
relaxation time that determines the phase shift.
In order to test our hypothesis we performed experi-
ments using an incoherent non-polarized light source to
excite the sample. As a source of this kind we used a
10 W green LED. The LED light was focused on the sam-
ple by a lens. In this experiment we successfully observed
both the wide line with a maximum at 100 G and narrow
lines in the magnetic spectrum above 400 G. There was
no zero field line at all. This experiment supports our
hypothesis although cannot be taken as its final proof
because we might fail to adequately focus the LED light
on the sample to achieve an illumination similar to that
given by the laser. Although, the sample luminescence
intensity was comparable to that observed under laser
irradiation with the attenuation filters engaged when we
detected the zero field line.
We have not found a straightforward explanation to
7account for the transformation of the spectrum when the
excitation light polarization vector changes as well as for
the rise of the satellite lines at about 20 G. As for the
satellite lines, their nature might be similar to that of
the satellites to the line at ∼600 G. The splitting values
and magnitude ratios relative to the main line are very
close in both cases. Moreover, it is possible that two
drastic decreases of the relaxation time at 0 and ∼600 G
in relaxation time vs. magnetic field dependence [20] can
be explained equally in terms of dipole-dipole interaction
between two NV− centers.
In order to explain the behavior of the discovered line
within the hypothesis we suggest, the experiment has to
be compared to a numerical model. Preliminary calcula-
tions we made within the model of the dipole-dipole in-
teraction between two NV− centers have predicted that
this zero field line should appear. Also, for a certain set of
parameters a narrow inverted line is predicted to appear
in the center of the zero field line.
V. CONCLUSION
We have found a zero field line in the magnetic spec-
trum of diamonds containing NV− centers. This line has
the following properties:
1) The magnitude of the line weakly depends on sample
orientation.
2) The shape of the line strongly depends on excitation
light polarization. If the polarization is perpendicular to
the external magnetic field, an inverted line in zero field
appears.
3) When the concentration of the NV− centers in
the sample strongly decreases the magnitude of the line
drops. At the same time, the width of the line decreases.
4) At higher concentrations of the NV− centers, addi-
tional lines in the spectrum appear at about 20 G. This
line is only observed for B0 || 〈111〉. Its magnitude is
independent of excitation light polarization.
5) The magnitude of the zero field line reaches its max-
imum at a large (about 80o) phase shift θLA of the lock-in
amplifier suggesting that the processes accounting for the
rise of this line are quite slow (microsecond time domain).
6) The line is also observed in a powdered sample where
its magnitude is comparable to that of the line in the
single crystal.
7) The magnitude of the line strongly depends on ex-
citation light intensity. Besides, for low intensities this
dependence is close to a square law.
We suggest that this line appears due to the magnetic
dipole-dipole interaction between NV− centers differently
oriented in the crystal that modifies the polarization de-
gree of the ground triplet state.
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